In pancreatic cancer, acute pancreatitis (AP) is a serious morbidity, but its negative effect on long-term outcomes remains to be elucidated.
INTRODUCTION
There are multiple etiological factors involved in the development of acute pancreatitis (AP). Excluding common etiologies, such as alcohol and gallstones, the onset of AP may be due to cancer progression itself or to complications of the diagnostic and therapeutic interventional procedures used in pancreatic ductal adenocarcinoma (PDAC) treatment, such as endoscopic retrograde cholangiopancreatography (ERCP), surgery and chemotherapy [1] [2] [3] . PDAC often presents initially as AP [4] [5] [6] . Moreover, the diagnosis of AP may precede PDAC by weeks or even months [7, 8] . Approximately 2.6% to 13.8% of pancreatic cancer patients present with AP, according to previous studies [7, 9] . Overwhelming evidence suggests that patients with a history of AP have an increased risk of pancreatic cancer compared with non-AP subjects. Even after 12 mo, the incidence of pancreatic cancer was reported to be 3.84-fold higher in the AP group than in the non-AP group [4, 10, 11] .
Moreover, as the most common complication of ERCP [1] , pancreatitis occurs with an incidence of 2%-20% in association with ERCP according to the 2002 NIH State-of-the-Science statement on ERCP [12] . In these patients complicated with pancreatitis after ERCP, about one-third had moderate or severe pancreatitis [13] .
Many studies have shown that AP has significant negative effects on prognosis and outcome of PDAC [14, 15] . Our group recently demonstrated that the short-term outcome of pancreatic cancer patients after surgery is adversely affected by AP [15] . Adverse effects of perioperative AP include delayed surgical treatment, longer hospital stay, higher cost of treatment and a reduced quality of life, and may be related to premature mortality [14, 16, 17] .
Only a few studies have evaluated the overall survival of patients with pancreatic cancer and AP, and the impact of AP on tumor-specific survival has not been thoroughly understood. Mujica et al [16] showed that in pancreatic cancer patients with pancreatitis as their initial symptom, their overall survival rates at six and 12 months were 51% and 28%, respectively. This finding suggests that PDAC patients with concomitant underlying pancreatitis may have a poor prognosis. In contrast, a recent study investigated whether initial clinical presentation with AP affected the survival of patients with PDAC, and the results did not show any survival difference [5] . Hence, the purpose of our study was to investigate the relationship of AP with the tumor recurrence pattern of PDAC and tumor-specific survival.
MATERIALS AND METHODS

Study population and data collection
From July 2012 to December 2016, 274 patients underwent curative resection for PDAC at the Pancreatic Surgery Center of West China Hospital, China. This study followed the ethical guidelines of the Helsinki Declaration of 1975 (revised in 1983) and was approved by the Medical Ethics Committee of West China Hospital at Sichuan University. Patients who died within 90 d after surgery or had incomplete records were not included. The resected pancreatic tumors were pathologically confirmed to be PDAC. We retrospectively assessed the patients' tumor status, plexus invasion, resection margin, lymph node characteristics, tumor recurrence, and adjuvant chemotherapy. The AJCC Cancer Staging System (7 th edition) was applied.
The Atlanta classification was utilized to grade the severity of AP [18] . Patients with mild AP were excluded because they experience a mild clinical course. The remaining 219 cases were subdivided into two groups. Group AP [n = 21, (9.6%)] included those patients with moderate or severe AP and group non-AP [n = 198, (90.4%)] included those without acute pancreatitis. To explore the relationship of moderate and severe AP with the recurrence pattern and patient outcomes, we assessed the tumor recurrence and tumor-specific survival of PDAC patients who underwent curative resection. Overall survival was defined as the time from the date of surgery to death or last follow-up. Postoperative tumor recurrence within 12 mo was regarded as early recurrence. Patients without early recurrence were defined as a relapse more than 12 mo after surgery or without recurrence after surgery. The median follow-up time was 18.3 mo. Postoperative recurrence was diagnosed by imaging studies. We obtained postoperative recurrence data for only 186 of 219 patients.
Statistical analysis
Results were analyzed using SPSS version 23.0 (SPSS Inc., Chicago, IL, United States), and the data are shown as the mean ± standard deviation. Clinical characteristics and baseline demographics were compared between group AP and group non-AP using Student's t test or the Mann-Whitney U test. Univariate and multivariate logistic regression analysis was used to analyze the predictive factors related to recurrence. Overall survival and disease-free survival were used to measure the prognostic role of AP. Total mortality was the primary endpoint of the trial. The associations of AP and other clinical and demographic characteristics with overall survival and disease-free survival were analyzed using univariable Cox proportional hazards regression models. A forward elimination procedure was used to remove terms until all variables had P < 0.10. An association was considered statistically significant if P < 0.05.
RESULTS
Of the 219 patients (78 women and 141 men), 32 underwent distal pancreatectomy, 152 underwent pancreatic head resection, and 4 underwent total pancreatectomy. The tumor characteristics and patient demographics in the patients with and without AP were roughly equivalent (Table 1 ). Table 1 shows that 5 of 21 AP were caused by ERCP . Nine of 21 AP were due to alcoholic factor. The etiology of remaining 8 cases was unknown. Most of the tumors in the two groups were stage II (90.5% in group AP, 90.9% in group non-AP) and moderately differentiated (76.2% in group AP, 73.2% in group non-AP). Positive lymph nodes, vascular invasion, perineural invasion and microscopic residual tumor (R1 resections) were similar between the two groups. Medical complications of AP group were higher than non-AP group(33.3% vs 29.8; P = 0.737). Grade B/C pancreatic fistula occurrence rate of AP group was higher than non-AP group(14.3% vs 4.5%; P = 0.174). Less than half of the cases underwent adjuvant chemotherapy (group AP, 33.3% and group non-AP, 24.7%; P = NS). However, early recurrence in group AP was significantly higher than in group non-AP (71.4% vs 41.2%; P = 0.009). Table 2 shows the predictive factors of postoperative early recurrence. A total of 83 patients experienced an early recurrence. According to the univariate analysis, the presence of AP was significantly correlated with early recurrence (P = 0.012). In multivariate analysis, the presence of AP was proven to be an independent risk factor for early recurrence [odds ratio (OR): 4.13; P = 0.01] ( Table 2 ). In addition, other independent risk factors for early recurrence included R1 resection, positive lymph nodes, tumor site, and the absence of adjuvant chemotherapy. The median disease-free survival time of group non-AP was 12.8 mo, while that of group AP was 8.6 mo (P = 0.003, log rank test) ( Figure 1 ). Correspondingly, 12-month disease-free survival rates of the non-AP group were superior to the AP group (58.8% vs 28.6%, P = 0.003). Table 3 shows the factors related to postoperative disease-free survival among all patients. Patients with AP were associated with a shorter diseasefree survival interval [relative risk (RR): 2.0; P = 0.009].
The final multivariable analysis included AP, positive lymph nodes, adjuvant chemotherapy, surgical margin, tumor differentiation and location of the tumor. The occurrence of AP was regarded as an independent risk factor after adjustment for other covariates (RR: 2.24; P = 0.003). Table 4 shows the factors related to overall survival among all patients. The median overall survival time in patients with AP was shorter than in those without AP (22.3 mo for the group non-AP, 14.9 mo for the group AP, P < 0.001, log rank test) ( Figure  2 ). Similar to disease-free survival, the presence of AP had a significant negative impact on overall survival (Figure 1 ). Positive lymph nodes, stage, the absence of adjuvant chemotherapy, differentiation and tumor site were also factors significantly related to decreased overall survival. In the multivariable analysis, the presence of AP (RR: 2.35; P = 0.001), tumor site (head) (RR: 1.90; P = 0.003), adjuvant chemotherapy (RR: 0.52; P = 0.002), well-differentiated tumors vs moderately differentiated (RR: 3.07; 
DISCUSSION
Our study found that AP was negatively associated with survival time and early recurrence (within 12 mo). This trend was also perceived even after stratification by pathological stage. Only a few studies mentioned the overall survival of patients with pancreatic cancer complicated by AP, and as a result, the impact of AP on tumorspecific survival has not been sufficiently elucidated. A recent study investigated whether an initial clinical presentation with AP was associated with the survival of patients with PDAC, but the results did not show any survival difference [3] . However, it is still difficult to draw firm conclusions. In their study, patients with mild AP (more than 90% of the patients) were included in the analysis. Because patients with mild AP experience a minor clinical course, their treatment and outcomes differ from those with moderate or severe AP, which might have confounded the results. Patients with mild AP are managed conservatively for a short period , leading to timely resection of their tumors with a relatively good prognosis. In another study, the median overall survival after surgery was 17.8 mo in the patients who presented with pancreatitis as the initial sign of PDAC compared to 15.7 mo in patients without pancreatitis [19] . In this study, patients with AP and chronic pancreatitis were grouped together, which may have confounded the conclusion.
In contrast, other studies have reported that the prognosis of PDAC patients with AP is poor. Mujicaet reported that the overall survival rates at six months and 12 months in PDAC patients who presented initially with AP were 51% (23 cases) and 28% (13 cases), respectively [16] . A recent study at our medical center reported a survival rate of 23.4%(11 cases) at one year in PDAC patients with AP [17] . Consistent with this report, our previous study found that AP was negatively correlated with both overall survival and early recurrence (within 12 mo). This trend was also perceived even after stratification by pathological stage.
It is unclear why AP is correlated with the prognosis of patients with PDAC. Currently, it is recognized that early diagnosis is a key factor for a better oncological prognosis [20, 21] . Although the reasons for the delayed diagnosis of PDAC are unclear in patients presenting with AP, it is suspected that whether the patient was evaluated for an associated malignancy or not, diffuse pancreatic inflammation might have masked the localized mass effect of the underlying cancer [7] . In a recent study, among a total of 76 patients pathologically diagnosed with PDAC within 24 mo after an attack of pancreatitis, 42 patients experienced a delay of 3-24 mo before a diagnosis of PDAC was made [7] . Omid Sadr-Azodi et al [4] also reported that the diagnosis of pre-existing pancreatic cancer was delayed if it clinically presented as AP. Inflammation may aggravate tissue adhesion and edema, that increased the difficulty of operation and postoperative complications (e.g., pancreatic fistula), thus affecting the therapeutic results of surgical treatment of PDAC.
The timing of surgical intervention in patients with PDAC and AP has yet to be defined, but a recent study at our medical center suggested that 24.5 d may be the best cutoff point of surgery for PDAC with mild or moderate AP [17] . In patients who underwent resection, a longer delay before surgery may be associated with poor survival. Erkan et al [14] reported that because of the accompanying mild to moderate AP, the pancreaticoduodenectomy of 4 patients with periampullary tumors was delayed, and the median interval from the diagnosis of AP to the operation was 34 d. Consistent with this report, our previous cohort demonstrated that the average time between the cancer diagnosis and the surgery was 33.4 d [15] . In the present study, timing of surgical intervention in patients with PDAC and moderate or severe AP was 41.4 d, and the average interval time of non-AP group was 10.8 d. Although there was no statistical difference due to our small sample, the incidence of grade B/C pancreatic fistula was obviously higher in AP group. In addition, our previous study suggested that AP was an independent risk factor for pancreatic fistula after pancreaticoduodenectomy [15] .
Since PDAC is characterized by rapid growth and aggressive invasive capabilities, a prolonged preoperative waiting time may result in cancer progression or even losing the opportunity for radical resection of PDAC [16] . It has been reported that whenever pancreatic carcinoma is associated with pancreatitis, the surgery is often delayed, resulting in a poorer prognosis. Some scholars have also considered that genetic factors may play a role in contributing to inflammation and oncogenesis and thus affect prognosis [22] . The exact mechanism of PDAC evolution affected by AP is unclear and needs to be further investigated [23] .
The potential adverse effects of AP should be taken into consideration in PDAC. Surgeons should work on decreasing the complications of ERCP and strive for timely diagnoses in order to improve the oncological outcomes of PDAC. A new metaanalysis of prospective cohort studies showed that patients with AP had an increased risk of pancreatic cancer compared with a feature-matched group [8] . However, Rijkers et al [24] suggested that chronic pancreatitis that progressed from AP was associated with a higher risk of pancreatic cancer. The incidence of pancreatic cancer in patients with chronic pancreatitis was almost 9 times that in the non-AP group.
Nevertheless, doctors should pay closer attention to active screening for underlying PDAC after AP [4, 7, 25] . Evaluation of these patients with endoscopic ultrasound for an underlying PDAC could help with timely cancer diagnosis [9] . In Tummala's study [9] , among 218 patients with non-alcoholic and non-gallstone-related AP who underwent endoscopic ultrasound-guided fine-needle aspiration, 38 PDAC patients were diagnosed and their resection rate was 39%. These data remind us that early cancer detection and medical intervention is particularly important for PDAC with AP, as it may be associated with postoperative complications and prognosis [9, 16] .
Countermeasures to the dissemination of tumor cells due to AP are still unclear. Prompt postoperative chemotherapy represents a possible option.
This study had limitations due to its retrospective nature. Although we used CT or MRI to detect recurrences with diligence, it is conceivable that not all recurrence events were captured timely. Another limitation is that the sample size was small. However, despite the relatively low incidence of moderate or severe AP of PDAC and the low radical resection rate, even a relatively small simple size would be indicative. Hence, further prospective studies are necessary.
In conclusion, moderate or severe AP was significantly related to early recurrence, and patients with moderate or severe AP developed recurrence earlier than those without. Moderate or severe AP was adversely correlated with overall and diseasefree survival of patients with PDAC. Surgeons are thus urged to reduce the complications of ERCP and make efforts to diagnose PDAC timely in patients who 3 mo for the non-acute pancreatitis group, and 14.9 mo for the moderate or severe acute pancreatitis group. The difference was statistically significant (P < 0.001, log rank test).
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Research background
Excluding common etiologies, the onset of acute pancreatitis (AP) may be due to cancer progression itself or to complications of the diagnostic and therapeutic interventional procedures used in pancreatic ductal adenocarcinoma (PDAC) treatment, such as endoscopic retrograde cholangiopancreatography (ERCP), surgery and chemotherapy. Generally, PDAC patients with AP should initially be managed conservatively. However, surgical resection is the sole curative measure for pancreatic cancer, and conservative treatments can significantly delay the need for the cancer operation.
